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A smart label and a smart label web 

The present invention relates to a smart label and a smart label web. 
The smart label comprises a circuitry pattern on a smart label substrate 
5 and a structural part comprising an integrated circuit on a chip on a 
structural part substrate. The structural part is attached to the smart 
label substrate and/or the circuitry pattern, and the circuitry pattern is 
electrically connected to the integrated circuit on the chip. A smart label 
web comprises smart labels one after another and/or side by side. 

10 

Smart labels are often constructed so that sequential and/or parallel 
circuitry patterns are formed on a flexible web-like substrate and an 
integrated circuit on a chip is attached to each smart label by a suitable 
flip-chip technology. Another technique is to attach a separate 

15 structural part comprising an integrated circuit on a chip to a smart 
label. An integrated circuit on a chip is attached by a suitable flip-chip 
technology to a structural part before attaching the structural part to a 
smart label. The term flip-chip technology includes many variants, and 
a suitable technology shall be selected e.g. according to process 

20 conditions. 

When a chip is attached to a smart label or a structural part by a flip- 
chip technology, most technologies require a substrate material which 
must resist high process temperatures. Therefore the selection of 
25 materials is limited. Furthermore, when a chip is attached directly on a 
smart label, the alignment of the chip must be made very accurately. 
The chip is also very sensitive to mechanical impacts and is easily 
broken when the bare chip without any cover is processed. 

30 The silicon chips used in smart labels can be quite expensive because 
they contain a capacitor. At the same time, the capacitor integrated in 
the chip suffers from inadequate frequency tolerances and poor quality. 
The design of the circuitry pattern is due the constant inductance 
restricted. The quality factor of the capacitor in the chip is 

35 approximately 80 which does not completely meet the requirements of 
the whole construction of the smart label. Therefore, the circuitry 
pattern must be quite thick, which makes the manufacture of the 
circuitry patterns cumbersome and expensive. Furthermore, the 
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techniques used for forming circuitry patterns are limited. The quality 
factor refers to the ratio between the stored energy and the energy 
which is dissipated per cycle. The greater the quality factor is, the 
smaller Is the dissipated energy. 

5 

A separate structural part comprising a chip has several advantages 
but also several deficiencies. The process of attaching the structural 
part to a smart label substrate is slow and the techniques for attaching 
are less sophisticated. For example, the structural part must often be 

10 placed diagonally with respect the longitudinal direction of the smart 
label. The structural part may be fastened to the smart label only at its 
ends by crimping. The crimping makes an electrical connection 
possible through the substrate of the smart label but then changing 
stray capacitance may cause harm to the functionality of the smart 

15 label because the distance of the structural part from the circuitry 
pattern varies. 

It is possible to attach the structural part substantially entirely on the 
smart label but it must be attached to the front side of the smart label to 
20 provide an electrical contact between the circuitry pattern and the chip. 
An isolation is required between the structural part and the circuitry 
pattern which necessitates a separate process step. 

The smart label and the smart label web of the invention overcome the 
25 problems of the prior art. The smart label according to the invention is 
characterized in that the integrated circuit on the chip is connected to 
the circuitry pattern via at least one capacitor located outside the chip. 
The smart label web according to the invention is characterized in that 
the integrated circuit on the chip is connected to the circuitry pattern via 
30 at least one capacitor located outside the chip. 

The smart label according to the invention provides e.g. the following 
advantages: 

35 - The structural part can be attached to the smart label at high speed, 
because the structural part has an adhesive ready on its surface, 
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- the structural part can be attached to the smart label by using a 
dispenser operating In the machine direction, 

- thanks to the structure of the smart label, it is possible to use a 
5 capacitor with a good quality factor. The thickness of the circuitry 

pattern can be reduced and still maintain a high quality factor for the 
whole system, and thus the manufacture of the circuitry patterns is 
cheaper and easier, 

10 - the structure of the smart label makes it possible to use cheaper 
silicon chips because the chips can be delivered without a capacitor 
integrated in the chip. At the same time, the frequency tolerances 
become smaller and the quality better enhancing a good yield level of 
the integrated circuits, 

15 

- a good mechanical protection is provided for the chip, because the 
chip is shielded on both sides by a substrate. In addition, when a 
polyolefin film or a corresponding material is used as a substrate, it is 
of a soft and resilient material and can absorb and dampen mechanical 

20 impacts on the chip, 

- the structure of the invention does not necessarily need a lead- 
through, such as crimping, and thus the costs are lowered, 

25 - the structure makes it possible to use quick techniques for forming 
circuitry patterns, such as flexographic printing, because thinner metal 
layers can be etched with thinner etch resists, 

- since the capacitor is outside the chip, it provides freedom for 
30 designing the circuitry pattern because the inductance can be selected 

freely, 

- the structural part is attached substantially entirely to the smart label 
and thus the stray capacitance caused by the structural part remains 

35 substantially constant, and 

- the stray capacitance between the structural part and the circuitry 
pattern can be utilized as a shunt connection of a capacitance. 
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Further, if the structural part Is attached to the reverse side of the smart 
label substrate, some of additional advantages are achieved: 

5 - the attachment of the structural part to the smart label can be made 
with greater tolerances than the direct attachment of the chip or the 
attachment of the structural part on the front side to the circuitry pattern 
of the smart label,- 

10 - the circuitry pattern of the smart label does not need stripping of the 
etch resist from the structural part connection area, and 

- there Is no need to isolate the structural part and the circuitry pattern 
of the smart label from each other to avoid the risk of short circuiting 
15 and thus there is one process step less. 

In the present application, smart labels refer to labels comprising an 
RF-ID circuit (identification) or an RF-EAS circuit (electronic article sur- 
veillance). A smart label web consists of a sequence of successive 

20 and/or adjacent smart labels. A smart label comprises a circuitry 
pattern on a smart label substrate and a separate structural part 
comprising an integrated circuit on a chip on a structural part substrate 
attached to the smart label substrate. The circuitry pattern of the smart 
label can be manufactured by methods known as such, for example by 

25 printing the circuitry pattern with an electroconductive printing ink on a 
film, by etching the circuitry pattern on a metal film, by punching the 
circuitry pattern from a metal film, by winding the circuit pattern of for 
example copper wire, or by plating the conductor, but preferably the 
circuitry pattern is etched or plated. Capacitor plates are formed at the 

30 same time on the smart label substrate. 

The electrically operating RFID (radio frequency identification) circuit of 
the smart label is a simple electric oscillating circuit (RCL circuit) 
operating at a determined frequency. The circuit consists of a coil, a 
35 capacitor and an integrated circuit on a chip. The integrated circuit 
comprises an escort memory and an RF part which is arranged to 
communicate with a reader device. The capacitor of the RCL circuit is 
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formed outside the chip, in other words, the capacitor plates are formed 
on the smart label substrate and the structural part substrate. 

The material of the smart label substrate is flexible but still has a 
5 suitable rigidity and fulfils certain properties, such as a minor 
dissipation factor. The dissipation factor describes the dielectric losses 
of a capacitor. Suitable materials include for example polyolefins, such 
as polypropylene or polyethylene. The dissipation factors of the 
polyolefins are approximately equal to zero. 

10 

To form the structural parts, a carrier web is first manufactured, 
comprising a base web and thermoplastic material on the surface of 
the base web. The material of the base web is preferably polyimide or 
polyethylene terepthalate. The surface of the base web is provided with 

15 a conductive metal coating for electrical contacts of structural parts. A 
thermoplastic material is attached to that side of the base web which 
has the conductive metal coatings for electrical contacts of the 
structural parts. Thermoplastic materials refer to materials which can 
be formed by applying heat. As a raw material, the thermoplastic film 

20 can be in fluid form or as a film; preferably, it is a film. 

Thermoplastic films are films whose surface can be made adherent to 
another surface by the effect of heat, but which are substantially non- 
adherent at room temperature. Thermoplastic films can also be heated 
25 several times without substantially affecting the adherence. 

The thermoplastic film can be a thermoplastic anisotropic conductive 
film (AFC). When a thermoplastic film is used, there is no need for an 
underfill, because the thermoplastic film forms a sufficiently flexible 

30 backing for the chip. As an example to be mentioned, thermoplastic 
films include anisotropic conductive films 8773 and 8783 (Z-Axis 
Adhesive Films 8773 and 8783) by 3M. The films contain conductive 
particles in such a way that they are electroconductive in the thickness 
direction of the film only, that is, there is no conductivity in the direction 

35 of the plane of the film. The thermoplastic film can be made fluid by 
means of heat and pressure. When cooled, the thermoplastic film is 
crystallized and gives the bond mechanical strength. Curing by heat 
will not be necessary. The thermoplastic film can be of e.g. polyester or 
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polyether amide. The conductive particles, having a size of typically 7 
to 50 pm, can be e.g. glass particles coated with silver. The thickness 
of the thermoplastic film is typically 20 to 70 //m. The thermoplastic film 
is normally formed on the surface of a release paper or the like. The 
5 release paper can be released from the film in connection with or after 
the heating of the film. 

Integrated circuits on chips are attached one after another and/or next 
to each other on the surface of the thermoplastic material, which is 

10 preferably a thermoplastic film, by using flip-chip technology. Because 
the dimensions of the structural part to be formed of the carrier web are 
small, it is possible to place the chips relatively close to each other on 
the carrier web, and thereby long paths will not be needed for attaching 
the chip. With short paths, it is possible to implement sufficiently 

15 accurate positioning more easily than on attachment of the chip directly 
to the circuitry pattern, and the position of the chip may vary within a 
larger range. The dissipation factor of the thermoplastic material must 
not be high. Thus the capacitor consisting of a capacitor plate on a 
smart label substrate and a capacitor plate on a structural part 

20 substrate has a high quality factor. 

The thermoplastic film is normally laminated on the base web by 
means of heat and/or pressure. The bumped chips are picked up from 
a silicon wafer by means of a die sorter and placed in a continuous 

25 manner onto the surface of the thermoplastic film. When the chip is 
placed in its position, the web containing the base web and the 
thermoplastic film is heated on the opposite side so that the chip is 
lightly tacked to the web before making the final bond. It is also 
possible that the thermoplastic film is in a sufficiently tacky form after 

30 the lamination, wherein the bond of the chip can be made without 
simultaneous heating. After this, the final bond of the chip is made by 
applying heat and/or pressure. At the same time, a release paper web 
can be laminated onto the surface of the thermoplastic film, but this is 
not always necessary. The final bond of the chip can be made by 

35 means of heat and/or pressure for example by a thermal resistor or a 
series of thermal resistors or in a nip formed by two rolls, where at least 
one of the contact surfaces forming the nip is heated and at least one 
is resilient. 
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In addition to the above-mentioned nip, a nip can also be formed 
between a shoe roll and its counter roll. The thermoplastic film can also 
be heated by microwaves, wherein the film can be heated selectively, 
5 simultaneously applying pressure on the bond (materials blended with 
selective additives are heated in a microwave field). 

In the next step, structural parts comprising of an integrated circuit on a 
chip are separated from a carrier web, and the structural parts are 
10 attached to each of sequential semi-products of smart labels one after 
another, and a ready smart label web is formed. The structural part 
comprises a first capacitor plate and a second capacitor plate. The 
smart label substrate also comprises a first capacitor plate and a 
second capacitor plate. 

15 

The structural part is attached either to that side of the smart label, on 
which the circuitry pattern is provided, or to the reverse side, In such a 
way that the thermoplastic film and the chip are in contact with the 
smart label substrate and the side of the base web is left as the outer 
20 surface of the structural part. Preferably, the structural part is on the 
reverse side. 

The structural part is attached to a semi-product of a smart label so 
that the first capacitor plates are substantially aligned and the second 

25 capacitor plates are substantially aligned. The first capacitor plates 
form a first capacitor and the second capacitor plates form a second 
capacitor. The capacitors are connected in series. Another possibility is 
to replace one capacitor by a crimping or a plated through hole 
forming an electrical connection. In that case there is only one 

30 capacitor. 

The structural part is attached to the smart label substantially entirely, 
wherein a reliable bond is achieved. When making the bond, that part 
of the smart label in the smart label web is heated, to which the 
35 structural part is attached, or the structural part is heated, wherein the 
surfaces are made to adhere to each other. The final bond of the 
structural part is made by applying heat and/or pressure under similar 
process conditions as making the bond of the chip. Simultaneously with 
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the attachment of the structural part, it is possible either to laminate, on 
both sides of the smart label web, the other web layers simultaneously 
onto the structure, or to leave out the layers and to use the nip to 
achieve an attachment only. It is also possible to start cross-linking of 
5 an adhesive layer upon combining several web layers simultaneously, 
to provide a more reliable lamination result or a more rigid structure. 

When the structural part is attached to that side of the smart label, on 
which the circuitry pattern is provided, and an anisotropic conductive 

10 thermoplastic material is used as the thermoplastic material of the 
structural part, the anisotropic conductive material of the structural part 
and the circuitry pattern of the smart label must be isolated from each 
other to avoid the risk of short circuiting. The isolation can be made for 
example by screen printing or flexographic printing. If the structural part 

15 is attached to the reverse side of the smart label, on which the circuitry 
pattern is provided, no isolation is needed. 

The manufacture of the carrier web and the manufacture of the smart 
label web can take place In the same process or they can be separate 
20 processes. 

In the following, the invention will be described with reference to the 
appended drawings (the dimensioning in the drawings does not 
correspond to the reality), in which 
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Fig. 1 shows a smart label web according to the invention in a top 
view, 

Figs. 2 shows a structural part in a top view, and 

Fig. 3 illustrates a structure of a smart label in a cross-section. 



Figure 1 shows a smart label substrate web W1 according to the 
invention. A circuitry pattern 1, a first capacitor plate 2a and a second 
35 capacitor plate 3a are on a smart label substrate web. The circuitry 
pattern 1, the first capacitor plate 2a and the second capacitor plate 3a 
may be formed by a flexographic printing and an electrolysis on a film 
which has been attached to the smart label substrate web W1 by a 
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suitable adhesive. The circuitiy pattern 1, the first capacitor plate 2a 
and the second capacitor plate 3a may be made of aluminium or 
copper. For example an aluminium layer whose thickness can be 9 urn 
is suitable for forming a circuitry pattern and capacitor plates, because 
5 the thickness of the conductive material can be reduced due to the new 
lay-out of the smart label. 

Figure 2 shows .a structural part 4 according to the invention. An 
integrated circuit on a chip 5, a first capacitor plate 2b and a second 
10 capacitor plate 3b are on a structural part substrate. The first capacitor 
plate 2b and the second capacitor plate 3b may be made of aluminium, 
copper or silver paste. For example an aluminium layer whose 
thickness can be 9 u.m is suitable for forming capacitor plates. 

15 A structural part 4 is attached to each of sequential semi-products of 
smart labels one after another, and a ready smart label web is formed. 
The structural part 4 is attached to a semi-product of a smart label so 
that the first capacitor plates 2a and 2b are substantially aligned and 
the second capacitor plates 3a and 3b are substantially aligned. The 

20 first capacitor plates form a first capacitor and the second capacitor 
plates form a second capacitor. The capacitors are connected in 
series. 

The structural part 4 comprises a structural part substrate, on which the 
25 first capacitor plate 2b and the second capacitor plate 3b are formed. 
The integrated circuit on a chip is attached to an anisotropic conductive 
thermolastic film on the structural part substrate on that side of the 
structural part substrate where the capacitor plates are located, in other 
words, the anisotropic conductive thermoplastic film covers the 
30 capacitor plates and serves as an attachment base for the chip. 

Referring to Figs. 1 and 2, an example of a dimensioning of a smart 
label can be given. When a capacitor whose capacitance is 
approximately 23 pF is formed of two capacitors connected in series 
35 and the thickness of the dielectric material between the capacitor 
plates is 28 p,m and the dielectric constant is approximately 2, the size 
of the first capacitor plate 2a on the smart label substrate can be 1 1 
mm x 1 1 mm, the size of the first capacitor plate 2b on the structural 



•i". / 5/ 1 13:25; 

'01 13:26 FAX 03 2886262 



03 2888282 - =■ PATREK ASIAKASPALVELUj Sivu 11 

TAMPEREE N PATENT -» PRfl 



part substrate can be 1 0 mm x 1 1 mm, the size of the second capacitor 
plate 3a on the smart label substrate can be 22 mm x 5.5 mm and the 
size of the second capacitor plate on the structural part substrate can 
be 20 mm x 5.5 mm. The capacitor plates 2a, 3a on the smart label 
5 substrate are preferably slightly larger compared to the capacitor plates 
2b, 3b on the structural part substrate because the alignment of the 
capacitor plates is then easier. 

Fig. 3 shows the cross-section of the smart label. The structural part 
10 comprises an integrated circuit on a chip 5, a thermoplastic film 6a, and 
a layer 6b consisting of the base web. On the surface to which the 
thermoplastic film 6a is attached, the layer 6b is provided with the con- 
ductive metal coating 6c of the structural part. The film 7 on which the 
circuitry pattern 1 is formed has been attached to the smart label 
15 substrate web W1 by a suitable adhesive with a low dissipation factor. 

The above-described facts do not restrict the invention, but the inven- 
tion may vary within the scope of the claims. The structural part may be 
attached to either side of the smart label substrate. The main idea of 
20 the present invention is that integrated circuits on chips can be 
electrically connected to circuitry patterns via capacitors which are 
formed on the smart label substrate and the structural part substrate. 
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Claims: 

1. A smart label comprising a circuitry pattern (1) on a smart label 
substrate and a structural part (4) comprising an integrated circuit on a 

5 chip (5) on a structural part substrate, the structural part (4) being 
attached to the smart label substrate and/or the circuitry pattern (1), 
and the circuitry pattern (1) being electrically connected to the 
integrated circuit an the chip (5), characterized in that the integrated 
circuit on the chip (5) is connected to the circuitry pattern (1) via at 
10 least one capacitor located outside the chip (5). 

2. The smart label according to claim 1 , characterized in that the 
integrated circuit on the chip (5) is connected to the circuitry pattern (1) 
via two capacitors connected in series and located outside the chip. 

15 

3. The smart label according to claim 1, characterized in that the 
structural part (4) comprising the integrated circuit on the chip (5) is 
attached to the smart label by means of a thermoplastic material. 

20 4. The smart label according to claim 3, characterized in that the 
thermoplastic material is an anisotropic conductive thermoplastic film 
(6a). 

u 

0 0 
o « o 

5. The smart label according to any preceding claims, characterized 
25 in that the capacitor comprises capacitor plates (2a, 2b; 3a, 3b) which 

...a* are formed on the smart label substrate and the structural part 

„„.„• substrate, the anisotropic conductive thermoplastic film (6a) and/or the 

smart label substrate forming a dielectric layer between the capacitor 
%oo ° plates (2a, 2b; 3a, 3b). 

30 

6. The smart label according to claim 5, characterized in that the 
\[j dissipation factor of the smart label substrate is at the most 0.7 x 10' 3 . 

• 

o a o 

s llJ 7. The smart label according to claim 5 or 6, characterized 

\;* ! 35 material of the smart label substrate is polyolefin, 
"r°3 polypropylene or polyethylene. 

t> -> <* 
o o 
o o 
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8. The smart label according to claims 5, characterized in that the 
structural part (4) is attached to the smart label substrate on the side 
opposite to the side where the circuitry pattern (1) is located, thereby 
preventing shortcircuiting. 

5 

9. The smart label according to claim 3 or 8, characterized in that the 
integrated circuit on the chip (5) is located between the thermoplastic 
material and the smart label substrate. 

10 10. The smart label according to claim 1, characterized in that the 
material of the structural part substrate is polyimide or polyester. 

11. A smart label web comprising smart labels one after another 
and/or side by side, the smart label comprising a circuitry pattern (1) 

15 and an integrated circuit on a chip (5) attached to it, the integrated 
circuit on the chip being attached to the smart label by means of a 
structural part (4) separated from a separate carrier web, 
characterized in that the integrated circuit on the chip (5) is 
connected to the circuitry pattern via at least one capacitor located 

20 outside the chip. 

12. The smart label web according to claim 1 1 , characterized in that 
the integrated circuit on the chip (5) is connected to the circuitry pattern 

..;!* (1 ) via two capacitors connected in series and located outside the chip. 

...„; 25 
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Abstract: 

A smart label comprises a circuitry pattern (1) on a 
smart label substrate and a structural part (4) comprises 
an integrated circuit on a chip (5) on a structural part 
substrate. The structural part (4) is attached to the smart 
label substrate and/or the circuitry pattern (1). The 
circuitry pattern (1) is electrically connected to the 
integrated circuit on the chip (5) via at least one 
capacitor located outside the chip (5). 



Fig. 2. 
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